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Samoles of four lots of steel containing between 1.75 and 

3.79% nickel and between 9.73 and 1.72% chromium were carburized to 
obtain information on the factors affecting rates and denths of car- 
bon venetration. A review of »orevious work on carburization and dif- 
fusion of carbon is resented, and the relative imvoortance of factors 
affecting rate of carburization is discussed. [t was found that in- 
itiel grain size had a merked effect on rate of carburization of a 
steel, and that the variation in alloy content among the different 
lots of steel had a slight effect on resvective rates of earburiza- 


tion. 
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INTRO DICTION 





Few orocesses have received the attention of metallurgists over 
@ longer »eriod of time than that of carburization of iron and steel. 
The many variables which affect the ~rocess, as well as the differing 
objectives which have determined the nrocedures of the respective 
investigetors, have »~revented a commlete understanding of the laws 
governing rates and denths of carburization. 

It would be out of the question to do justice to, or even to 
tabulate, in a single paver, the many contributions to our knowledge 
of this most interesting subject. The review of the subject which 
orececdes the descrintion of the exverimenteal work, therefore, will 
be restricted to an analysis of factors affecting rates and deoths 
of carburization. It seems well worth while to direct attention to 
the imnmortance of an understanding of the laws governing rates of 
diffusion in solid metals for this ourvose, as well as to the fectors 
peculiar to reactions in the gaseous medtlum, which force us to modify 


our concent of diffusion as a measure of rate of carburization. 
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Tuk PROCZSS OF GARSURIZATION 





The surface of a steel sreciman is carburized by heating. in 
the vresence of a carburizing agent. The essential conditions for 
carburizing are: that the steel be heated to the austenitic range; 
the the initial cerbon ccntent of the steel ve below the limit of 
solubility at the carburizing temusrature; that the carburizing 
agent react with the iron in such a manner 2s to give un carbon to 
the latter. 

In carburizing, then, there is a gaseous system which suoplies 
@ Gompound capable of carburizing steel. (The discussion of carbur- 
izing with Liouids is omitted). There is also a solid system in 
which the carbon atoms /29/ (or the FegO molecules /21/) diffuse: 
away from the surfsce, because of the concentration gradient of 
carbon. At the boundary between the two systems, which may be refer- 
red to as the interface, the carburizing gas gives un carbon to the 


iron, as has been stated. 


EQUILIBRIUM 


Strictly sveaking, equilibrium does not occur in the carburizing 
process, and every steo should be analyzed in terms of rates of re- 
action. The gaseous system at a distance from the interfece is vrac- 
tically in eouilibrium, end if carbon is available, as in pnack-csr- 
burizing, CO2 will be reduced to CO until the pressures of these two 
gases are oractically at equilibrium for the temperature existing. 
The solid system is likewise oractically at equilibrium at a diste-nce 


from the interface. 
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TEMPERATURE AMD ITS SFFOCT ON RATE UF CARBURIZATION 


The oarburiging temoerature affects the rate of carburization 
in various ways. 

A high temmerature increases rate of diffusion in the solid 
metal by its effeet on the diffusion coefficient (ecuation 4); and 
affects the rete of resection of carbon end iron at the interfsoe. A 
high temverature also increcses the concentration of cerburizing gas 
in sueh vcrocesses as that of rack-osrburizing. 

The carbon content of the metal at the interface is lese than 
the limiting solubility of the carbon in the metal, which decends on 
the temmerature, as referenee to the eouilibrium diacram of the iron 
carbon system will show. There is evidence /G/ that thie solubility 
Limit is aporoeecned quite closely in practice, but is in feneral not 
reached, by the metel at the interface. 

From these consideretione it annears that the relation between 
tempers ture -nd rate of carburization is a complex one, and dete on 
the relation of these two variables ao-cearing; in the literature 
/6//26/, ere most useful for predicting results of esrhurization. 
This tyve of information is less useful for enelysis of variations 
in Tretes of carburization, esnecially in the ense of osek-carburizing, 
beeause of the diffieulty of making accurate corrections for tem-era- 


ture vertiations. 





Youdremont /6/ revorts that a rcowdered mixture of charcoal 60% 
by weight end 40% barium carbonate »roducés s deener ense at moderate 
carburizing temmoeratures then illuminating gas or a selected mixture 


of organic carburizing agents. The same work gives data on other 




























elislLswed 3) A A OE a oe ee 


Beleaa ptm Lo rere etr asoet ts Shep errr? pes) perme 





o- 





21128 oe ot emheTIed Ts 4488 Coe eweas! «tee een re 
dare 0 6 eres! Cee daryiees sceettiel eft a sowths 4s) qi i 

o mabthiehont><e ami tee aatree te ees dur a 
am whesowwe be reliemierge 6M cwrerwerl ae 
olen nee Sb ie te Oe 

ont gehl 6! Seow ear A Ove ot? S tet ore 
a hae’ ctor eww Wer Ww ater a Se Wit iple “ateee 
<8) WL FO SEE EERE ee ms 08 Set te 
we) Teme are pew We eeretiee bh) ee et) Cite come 
ro Ce ©8 tot tee at (iewal2 etl bern | 
- rues MY to Pelee of of 

oer Ged bepes ett Sees eres 0) et below b4e¥ 
as 68 ta “afer + 4 ati Vete YW wey ee 
oeelevdt!! at 4) efeate ee bien” wT Mew Te Oe 
et en ee eee eee 
a ee ee ee 
ete wrereettey Ie ee UY ae TJD yren omar 
are eee TET SCY FTI ICO SIRO D110 Pe ae 


- <==? &> dl = : ’ ———— @ 


2 ae ak a 
: eee eens 






























carburizing agents which have even lower carburizing rates. For long 
carburizing times and temneratures above 950°C. the differences in 
the rates of carburization obtained under these different conditions 
become much less /6/, as the carbon concentration at the interface 
annroacnes the limit of solubility. 

Bramley //26//27//28//29// revorts that rate of carburization is 
greater with either »cyridine, methyl cyanide, or ammonia added to CO 
than when CO is used alone. In each case increasing the rate of sue 
ply of the gas increased the rate of carburization. Temneratures 
from 800 to 1000°C., times from 5 to 40 hours, end rates of sun oly 
of gas from 7 to 30 liters per hour rer samole, were used. 

Comparison of this work of Bramley with that of Houdremont and 
Schrader /13/, shows that Charcoal 60% barium carbonate 40% gives as 
rapid carburization as pure CO if the rate of supply of OC is low, 
about 15 liters rer hour for the conditions existing in Bramlcy's 
exneriments. | 

Recent industrial exnerience /12/ demonstrates that under favor- 
able conditions a combination of CO and hydrocarbon gas produces a 
higher rate of carburization than CO alone. 

It is knorn that the rate of carburigation using charcoal elone 
in the vack-carburizing vorocess is relatively low. 

On the basis of the above information we may conclude tnat the 
rate of carburization as measured by the denvth of case is an>-roximate- 
ly provortional to the pressure of CO vresent. Langenbverger /17/ 
determined this relation exverimentally. However, if other carbur- 
izing gases are vresent as well as CO a rate of carburization higher 
than that obtained with CO alone is observed under some conditions. 


It seems most reasoneble to vostulate that if more than one 
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earburizing gas is nresent the reactions in the gaseous state vroceed 
more ravidly, so that more carbon can combine with the iron in a 
given time than would otherwise be the case. 
Consider the reactions which take vclace in carburizing with 
carbon end en energizer /21/: 
2 00 } Fe Fez0 + Go (1) 
COs} C 2 GO (2) 


If some agent more active than carbon in reducing C05 to SO were 
present, it is reasonable to sunvose that carburization would vrocea 
at @ more ranid rate. 

The carbon content of the surface of the steel cannot be measured 
very accurately, and figures usually given are the carbon content of 
a very thin layer removed from the surface. The actual carbon con- 
tent of the surface anproaches the limit of solubility of the steel 
at the carburizing temnerature, and denends on the pelaties rates of 
Solution of carbon and of diffusion of carbon. If the rate of solu- 
tion of carbon is relatively low, the carbon content of the surface 
will likewise be low. For high temveratures and long carburizing 
times, changing the carburizing medium has relatively little effect 
on the carbon concentration at the surface and on oase denth. /6/ 

THE CONSTITUTION AND STRUCTURE OF THE STERL AND ITS EFFECT ON RATE 
OF CARSURIZATION. 

The rate of carburization may he exnected to vary with the elloy 
content of the steel. The limit of solubility of carbon in a steel 
at a given temverature will vary with the alloy content. Furthermore, 
it is to be exnected that rates of diffusion in Gifferent alloys will 
vary. Houdrement and Schreder /13/ have determined the variation in 


rete of carburization when uv to 6% of an alloying element has been 
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added to steel. <A number of common alloying elements were 80 
added, and in most oases the rate of carburization was thereby @- 
ereased. HYoudremont /6/ nas determined that the earbdon content 
within 0.05 m.m. of the surface of several steels when carburized 
under similar conditions varied as follows: Wickel-chromium steel 
highest, nickel steel next, carbon steel lowest. 

The thickness of the case is denendent on the rate of diffusion 
of carbon in the metal. 

Diffusion of metals in the solid etate obeys Fick's law: /22/: 

Dn = DA (ad at CS) 
dx 

Where a mass dm of a substance diffuses across an area A in time 
dt. 

de/dx is the concentration gradient of the diffusing substance, 
where c is concentration, and x is distance from the interface of 
the solute metal. 

D is the diffusion coefficient, which has been calculated by 
the Dushman-Langmuir equation as? 


Log, D = loge 987) 1u g a 
Nh RT 


Where © is eat of diffusion or solution. 
N is Avogadro's number 

h is Plenck's constant 

R is the gas constant 


T is the absolute tem-erature 


c = 2.718 4 
S 13 the !” teralzm Sc ais Lane eS; 
It has been observed that D varies to some extent as concen- 


tration of solute (ce) varies, and this is not indicéted by equation 


(4). 
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From equation (4) it is anvarent thet the diffusion coefficient 
is much larger at higher temoeratures, and Also that its value de>oens 
on the vronerties of the solute material (i@ the steel). quation (4) 
does not indicate the effect which the vresence of one or more. alloy- 
ing elements would have on the diffusion coefficient of carbdon. *. 

From consideration of equations (3) and (4) it is observed that 
rate of carburization, as measured by mass of carbon diffused into 
the metal, is greater if the carbon gredient (dc/dx), the diffusion 
coefficient (D), or the absolute temnerature (T), is greeter. 

Furthermore, a greater carbon concentration at the interface 
will pmroduce a greater denth of case; a large diffusion coefficient 
will produce a greater deoth of case, other conditions being ecual. 

Wehl /22/ has vresented & review of the subject of diffusion 
in solid metals. It may be said that the theory thus vresented has 
great vcotential velue for analysis of carburization srocesses. Un- 
fortunately most of the research in carburization yields too little 
information to nermit comoutation of diffusion coefficients, and 
thus fails to contribute to knowledge of diffusion. In ~articular, 
evaluation of the quantity *dm" dquation (3) would be most useful. 
The total mass of carbon airtusea (the area under the denth-con- 
centration curve) gives a means of estimating relative magnitude of 
mass "m*. (equation 3). 

Additional data is needed if the true value of *dm" is to be 
commuted. ny 

No information is available on the effect of the structure of 
a given alloy on the rate of carburizetion which may be attained. 

At the carburizing temperature the steel is austenitio and the effects 


of previous treatment are not apparent in the structure. However, 
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there are proverties of the steel associated with the McQuaid-Zhn 
grain size /2//3//20//23/ which are retained after heating and ccoling 
steel through the austenitic range. In spite of the work of Grossman 
/2//3/ and others the true cause of the inherent grain size of the 
eteel is not definitely known. It is at least vossible that the 
previous treatment of the stecl may have some effect on its rate of 


carburization. 


PROPERTI“S OF THE KATERIAL UNDER TEST 

Two steels of an alloy content avvroximating that of Kruvn 
armor steels, end two steels of somewhat lower alloy content were 
selected for test. Anelyses of these steels are given in Table I. 
They were selected from several regular lots offered by commercial 
concerns, the idea being to conduct the tests on semoles revresen— 
tative of good commercial vractice. 

These steels are characterized by very high strength, good duct- 
llity, toughness, and resistance to shock; and are sluggish in re- 
sponse to heat treatment, becoming vearlitic only when annesled 
slowly. Steels of Krum» analysis are known to be suscentible to 
temver brittleness under some gonditions of heat treatment. 

Steel ME No. 1020 is a plain carbon steel included in the in- 
vestigation as 2 control. 

The material wae furnished by the resvective manufacturers in 
rods anoroximately 1" in diameter. Steels 4 and 2 being hot rolled 
and steels ©, D and E being hot forged. The samvoles were examined 
for elongated grains which would indicate too low finishing temrere- 
ture. Hone were found. 


Table ITI gives the data on critical voints of these steels, 
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the values given in the literature /21/ for the néminal comosition 
being correctedfor variations from this commosition by use of factors 
determined by Reed /18/. In no case did the value of this correction 
exceed 3°F. The values of carbon content of the eutectoid are also 
based on work of Reed./18/. 

This work of Reed, while not very accurate, is the best that 


is available for the »urvose. 





EXPERIMENTAL PROCEDURE 

In order to determine the effect of initial structure of the 
sammle on rate of diffusion, sammles of ench steel were heated to 
various temperatures, for various times, as indicated in Table II. 

Various means were used to nrotect the snecimens from oxidation 
in the cases of Steels A and 3, Steels C and D, and E, were treated 
in @ chromium steel container in a nitrogen atmosphere. -A Westing- 
house Globar furnace was used, with automatic temperature control, 
and a separate thermocounle was used to check temperatures as close 
to the sv-ecimens as vossible. 

Each syecimen was centered in a lathe, and turned accurately 
to @ cylinder. In so doing, a layer of metal from 1/16" to 1/8" 
thick was cut off from the surface, thus etapos ing of material which 
might have undergone decarburizing auringy. 1 feed of 0.005" per re- 
volution was used dn the final cut to give uniform surface 

The sneeis mene eure fuer. carburized in patches aS indicated in 
Table IT, in ea mixture cf 60% vewdered charcoal by weight, and 40% 
vowdered barium cartonete. It should be noted at the enbporn tures 
used the samples were initially above the umver critical point (Ac3) 


end hence austenitic. The original grains were recrystallized. 
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very sample was carburized 12 hours at the temverature indicated 
in Table If; this time docs not include time to reise the specimen 
to temperature or cool it. The cooling rates varied in a regular 
manner from 2°F. per minute shortly after the current wes turned orf 
to 19°F. ver minute at sbout 300°F.; and from 300°F. to reom temner- 
ature cooling, Aates were below 1°F. ver minute. 

After cleaning, the snecimens were returnec to the lathe and 
successive layers of metal 0.0070" to 0.0150" thick were removed 
and the turnings analyzed for carbon content by the combustion 
method, Careful records were kent of the dlemeters of the soecimens 
efter each oneretion in order thet the location of each sammle of 
metal analyzed might be used in clotting curves of carbon concentrea- 
tion egsinst devth. A sufficient length was left on each srecimen 
so that a sammle 1" from the end of the sveciman could be removed 
for microscooic examination. Photomicrographs which anoecr to be 
of interest ere included in this report. 

Conclusions in regard to rateg of carburization were based on 
examination of denth-carbdon concentration curves. This technique 
gives more acourate measure of denth of case than visusl examination 
of microstructures and elso reveals the éistribution of onrbon within 
the Case. 

The relative mass of carbon diffused, as given by the tables, 
may be converted to lb. of carbon ver square inch of area ver hour 
by multinlying by 5.9 x 10 = 13. 

In making uo the tables, the area under the deoth-cerbon con- 
centration curve was measured down to the 0.25% carbon ordinate in 
the case of Steel A end down to the 0.405 carbon ordinate in the 
Gase of Steels 5, C, D, and E. These values corresyrond to the an- 


~roximate carbon contents of the original semoles. The nurnose of 
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this vrocedure was to omit from the calculations the original carbon 
contents, and bese conclusions on the mese of carbon added in cacr 
case. 

Furthermore, errors due to minor variations in initiel carbon 
content are thus reduced to negligible vcrovortions. Seest initial 
diffusion rate is higher due to higher carbon gradient. ( Squation 
3.) The error due to low initial carbon content of steel A is ‘on 
the side of safety". No metter what its numerical value, it can not 


affect the verity of the conclusion to be stated. 











= 


7 


MI 


row tTe dant AS OY SORTRDEL One Sw Any & ore bemagew abe? 
we~n~ hy ee rere © 6p Oe See 8 ADA aeme eset ane 
netee Lalates mo eaeidetws care of ed cere , / 
“dardiay Ged seth beetec> aiths does of letcins ede er 
eritwe ) dowidegy covréc satel) or wah ue ght Of Ohh 
oe* ef + leede te beepers cecves Dei tial awl ef web 


’ 








ore owe fi pedics Jewdtews o// Our Vd eee 
aia 2 i afew al FW Phew 


13. 
RESULTS 

Effect of initial structure on rate of carburization. 

fable II and figure 11 show that rate of carburization in Steel 
C is practically independent of initial grain size as produced by en- 
nealing. Steel C has a slightly lower alloy content than the usual 
Krupp analysis of armor steel. Rate of carburization is very slicht- 
ly increased by long heating just below the critical range, so thet 
the sample is partly spheroidized. (Specimen C 4). 

The rate of carburization of Steel Dis increased to 4 marked 
degree by increasing initial grain size by annealing, as may be not- 
ed by reference to Table II and figures 11 and 14. The rate of car- 
burization is also increased by spheroidizing treatment. (Specimen 
D 4). 

The rate of carburization of Steel E is practically independent 
of initial heat treatment. (Table II figure 11). | 

The rate of carburization of Steei A, which is a plain carbon 
steel, is increased somewhat by annealing to increase grain size 
(Table II and figures 12 and 15). A somewhat greater increase in 
rate of carburization was obtained by a quenching treatment. (Speci- 
mens A 5 and A 6). 

In Steel B, which has an alloy content slightly greater than 
the usual Krupp analysis for armor steel, the effect of initial 
structure was in part obscured by the veriety of heat treatments 
undertaken. A coarse-grained structure obtained by air cooling (mart- 
ensitic) permitted a lower rate of carburization than a structure ob- 
tained by annealing. (Table II and figures 12 and 16). 

The average mass of carbon diffused is computed in each case 


where a number of samples had received identical treatment, and the 
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results tabulated in the last four lines of Tabie IV. 

Effect of alloy content on rate of carburization. (Figures 11 
and 12). 

In analyzing the effect of alloy content on rate of carburiza- 
tion, it 1s necessary to make allowance for the effect of initial 
grain size. If the results for all samples of each steel are consi- 
dered, as averaged in Table IV, Steel A has the lowest rate of car- 
burizestion, € and © carburize at the same rate, and Steel D has the 
highest rate. Steel B wes carburized at a lower temperature, and 
the rate of carburization was low. No definite conclusion can be 
drawn by comparing this rate with rates of carburization of the other 
steels. If the carburizing rates of the steels in the fine-grained 
condition are compared, (Table II), 1t will be observed that Steel D 
carburizes at the same rate as steels C and EK, Steel A still show- 
ing the lowest rate of carburization. | 

Carbon, chromium, molybdenum, and to a less degree manganese, 
may be lost from the surface of the specimen in heat treating. 

Examinations of the microstructure indicated that the layer of 
metol removed after heat treating was in each case sufficient to gas- 
sure that the sample as carburized was homogeneous and the original 
alloy content unaltered, except in samples A4, 35, B4 and BS. Ags 
the layer removed from Sample El was comparatively thin, a chromium 
analysis was made of the outer layer removed after carburization, 
in addition to the carbon analysis. Chromium content was 0.71% as 
compared with an original chromium content of 0.75%. From this it 
was concluded that the original alloy content was not changed suf- 


ficiently to affect the results. Specimen A4 was almost completely 
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decarburized before carburizing. (Table II). The rate of carburi- 
zation was 20% less than in a sample which had received a similar 
heat treatment and which had been protected from decarburization. 
This result is consistent with the findings of Bramley /26/.~ 

Notes on microstructure. 

The grain size of both the case and the core of Steels A and 
D after carburizing was influenced by the initial grain size, initi- 
ally coarse-grained samples showing Larger grains after carburizing 
in both the case and the core. (Figures 3, 4, 7). These steels 
were carburized less than 200° F. above the upper critical (Ac3) 
point. The final grain size of Steels C and © carburized more than 
200° F. above the Ac3 point was independent of the initial grain 
size. 

The depth of carburization as determined by microscopic exami- 
nation of the etched specimens at 10x and 100x was consistent with 
the determinations based on carbon analysis in the cases of Steels 
A and B, and was inaccurate in the cases of Steels C and D. The ob- 
served depth of case is sensitive to minor changes in techniaue in 
etching with 4% nitrie acid in alcohol. 

The determination of grain size by comparing with standard 
grain size charts and converting grain size number to linear din- 
enelion of the grain by computation was found the most satisfactory 
method, in view of the variation in the microstructures of the 
qdifferent steels. In the spheroidized steels, for example, it 
would be difficult to devise a grain count method that would describe 


the appearance of the steel. 
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Gamples of Steels C and D before carburizing were examined under 
a microscope 2000x. In the fine~crained samples of Steel D the grain 
poundary constituents (etched dark with the nital) seemed to form 
networks about the light-colored grains; whereas in the other samples 
examined the grain boundary constituents were more discontinuous. in 
spheroidized samples, of course, nothing resembling grein boundary 


networks were observed. 
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DISCUSSION 

Effect of initial structure of steel on rate of carvurigation 

In this work no excentions were found to the statement tnat 
initial grein size affected the final grain size and rate of dif- 
fusion of cerbdon, when the carburizing tem-erature was lese than 
200°F. above the unner critical voint (Ac3). 

Nothing has been said of the austenitic grain size of the 
steele which were carburized. It is not believed that variations 
in austenitic grein sige or discontinuities in the lattice structure 
of the metel affect the rate of carburization. Mehl, in comnenting 
on the work of Mooredian and Norton /7/, observed that the diffusion 
in some binary metallic systems occurs at a rate @aovarently inderend- 
ent of the vresence of grain boundaries, and recently referred to 
the fact that this anvlies as well to the iron-carbon artes! ts 
Should be said that the exverimental evidence rests on & limited 
number of observations, and there is at least one excertion; 
thorium diffuses in tungsten mich more ranridly along the grain 
boundaries than through the grains /8/. 

However, Enstein and Rawdon /14/ observed that abnormal steels 
carburized at a lower rate than normal steels, the latter of course 
having @ much larger initiel grain size. Annarently they did not 
investigate the effect on rate of carburization of varying the 
grain size of one lot of steel. Rowland and Unthegrove/5/ recently 
determined that large initial grain size of steel accelerated the 
loss of carbon through surface decarburization. 

An €xolanation of the variations in rates of diffusion describal 


above, may be stated as follows: 
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Rate of diffusion of carbon in the austenitic grains of the 
alloy is more ranid than the rate of diffusion in the material at 
the grein boundartes. Taese "grain boundary constituents" are so 
stable thet they romain effective as barriere to the diffusion of 
carbon «pout 200°F., above the critical ooint (Ac3). 

Of course, if the material is soheroidized, it is reasonable to 
exvect that the "barriers" will be broken wo anc the resistance to 
diffusion diminished. 4 statement of the comoosition of these 
"“epein boundary constituents" is not absolutely necessary. 

Mo@Quaide states /22/ that inherent grain size (ss evidenced by 
the KeQueid-Zhn grein size for instance) denende on the oresence of 
compounds of alumintm, vanadium, etc., at grain boundaries /4/. 
Davey /9/ believed that carbides, nitrides, end oxides segregated 
in the dendritic structure of steel impede the diffusion of carbon. 
It will no doubt cocur to the reader that the same constituents (or 
proverties) which influence the McQuaid-Phn grain size may possibly 
affect the rate of diffusion of carbon. However, there is only in- 
direct cvidence at beet to sunrort conclusions in regard to the ef 


fect of non-metallic inclusions on the structure of stcels. 


BFFSCT OF VARYING ALLOY CONTENT OF STSEL ON RATE OF CARBURIZATIO 





The work of Houdremont end Schrader /13/ has been referred to. 
As a result of this work they listed certain elements which when 
added to steel in amounts un to 6% accelerated diffusion; others 
which retarded diffusion; and still others which had little effect 
on diffusion. The effect of each alloying element on final erzin 
Size was also recorded. The writer nlotted the case denths agninst 


final grain sizes as obtained by Houdremont end Sehrader, and observed 
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that rate of diffusion iacreased in a feirly regulsr manner eas the 
grain size of the carburised specimens increased. In most cases it 
did not seem to metter greatly which alloying element wae nresent. 
Aluminum cnd chromium were consvicuous excentions. Eech one decreased 
the rate of diffusion end increased the grain size. The information 
availeble wes insufficient to attemot s correlation of rate of dif- 
fucion with initial grain size. 

In the ovinion of the writer, a more comolete understanding of 
the effeet of alloying additions on rate of diffusion would result 
if these additions were studied from the voint of view of thelr ef- 


fect on the grein size of the steel. “ 
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